Objective: To analyze the scientific production published between 2001 and 2006 describing studies assessing children in painful situations, with a focus on preschool children.
Introduction
According to the International Association for the Study of Pain (IASP), pain is an "unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage." 1 However, this definition is incomplete to the extent that it does consider that babies and people with cognitive deficits feel pain without being capable of describing the pain that they feel.
Pain can be classified as acute, when it is the result of symptoms, and as such its biological function is as a warning to the organism. This type of pain is related to neurovegetative changes and is delineated spatiotemporally to the condition that causes it, such as, for example, inflammations, traumas, infections or postoperative recovery. Chronic pain, in turn, is the result of chronic pathological processes affecting somatic structures or of prolonged central nervous system dysfunction. When the symptom pain is chronic, it becomes a disease, and treatment is, generally, complex and tailored to the individual, as is the case with oncological and neuropathic pain and also with arthritis and fibromyalgia. 2 The dimensions in which pain is evaluated may be of the following types: intensity, location, duration and affective quality. 3 The measures used to evaluate pain, in turn, correspond to self-reported measures and behavioral observations and to physiological measures, such as heart rate and blood pressure; the second group being considered supplementary measures to the first. There are other variables which are of significance to the interaction between pain indicators and which can modulate the perception, intensity, sensation and quality of pain experienced, such as, for example, cognition, emotion and motivation, in addition to variables relating to the environmental context. 4 Accurate evaluation of pain experienced requires behavioral and physiological measures that evaluate different aspects of the experience of pain, such as intensity, location, pattern, context and significance. 4 The choice of an appropriate method for clinical assessment of pain should be based on the type of pain and the child's medical condition, and it is necessary to verify child's age and level of cognitive and emotional development. 5 Self-reporting is considered a reliable measure for the evaluation of both the presence and intensity of pain. 3 Self-reporting is based on the patient's ability to communicate their symptoms. From 2 years of age onwards children are able to provide information about their pain, such as its location, for example; however, at 2 years of age they rarely understand the concepts related to the intensity and quality of their pain. 2 Preverbal children, or those incapable of communicating verbally, are limited in terms of self-reporting and so pain assessment by parents and/or caregivers is an important source of information for the evaluation of pain in this population.
When choosing pain measurement instruments, one
should be alert to their psychometric qualities, so that the following parameters are met: validity (whether the instrument evaluates the construct/concept it is meant to evaluate), reliability (the agreement or consistency of results when the instrument is used repeatedly under similar conditions or when evaluations are carried out by independent examiners), sensitivity (how good a test is at identifying individuals who do exhibit that which is being tested for), specificity (how good a test is at identifying individuals who do not exhibit that which is being tested for) and clinical applicability (the usefulness of the measurement in the clinical environment in which it will be used). 6 Pain measurement instruments can express their results in four types of scale: nominal scales, which merely serve to name, identify and/or categorize (pain vs. no pain); ordinal scales, which order the object of study according to certain characteristics of comparison (no pain, mild pain, moderate pain and strong pain); interval scales, with fixed intervals between numbers making it possible to compare differences between measurements, which are relative (pain thermometer in centimeters); and ratios, which offer an absolute zero and therefore make it possible to determine the absolute magnitude of the measurement in question. The last of these types is the most often used in experimental situations when assessing pain in adults. 6 Since the need to measure pain in children and the diffi- 
Synthesis of data
The 33 articles that were located were classified into three groups, specifically: studies into the psychometric properties of pain measurement instruments (n = 18), studies of the application of pain measurement instruments (n = 11) and studies evaluating intervention procedures for pain relief (n = 4).
Studies of the psychometric properties of pain measurement instruments
Of the 18 studies about evaluation of the psychometric properties of pain measurement instruments, 15 investigated acute pain, while just three studies assessed both acute pain and chronic pain. This demonstrates that the great majority of studies focused on evaluating instruments that were aimed more at acute pain than chronic pain. Chronic pain is difficult to identify due to the more prolonged duration, in contrast with acute pain, which is characterized by being focused and fixed in time.
Measurement scales of the instruments analyzed
It was notable that just two of the instruments studied − the Cardiac Analgesic Assessment Scale (CAAS) 7 and the Toddler-Preschooler Postoperative Pain Scale (TPPPS) 8,9 -use interval scales, i.e. scales that offer a more precise measurement, since there is a unit of measurement which has a constant interval all along the scale. 6 The CAAS is a scale specifically for the context of postoperative care of child cardiac patients, which assesses pain based on physiological indicators (size of pupil, heart rate and blood pressure) and on behavior (body activity). 7 The TPPPS, in turn, is a scale that can be used to assess pain during and after medical or surgical procedures, on the basis of behavioral indicators. 8, 9 In the remainder of the studies, the majority of the instruments whose psychometric qualities were being assessed used ordinal scales, i.e., they categorize attributes and establish a sequential order based on the characteristics of the attribute measured. 6 It should be pointed out that, although ordinal scales are less precise than interval scales, they are generally used with children to obtain self-reported pain assessments since they are easier for children to understand, as is the case of the Oucher Faces Scale, 10 
Contexts of pain assessment
With relation to the use of instruments validated for specific pain contexts, of note are the CAAS for pain assessment in cardiac postoperative care 7 and the AHTPS for triage at emergency services. 17 Both of these scales, to the extent that they were validated in these specific contexts, are more appropriate when used exclusively in those situations.
Nevertheless, in the majority of the studies, the psychometric properties of different instruments were evaluated in a diverse range of contexts and involved different samples.
Of all of the scales, the FLACC is of interest since it has been widely used in clinical-hospital contexts and has been used both with preverbal children, 15 and with children at speaking age, with typical 8, 9 and atypical development. 13, 14 In addition to the FLACC, a further 12 instruments for pain assessment of children in a clinical-hospital context were identified. Three are of note for the specific contributions of three instruments. The TPPPS was the scale that best discriminated between the states of pain and no pain, when compared with the FLACC and the COMFORT scales, specifically with respect to postoperative pain assessment. 9 The Parent's Postoperative Pain Measure (PPPM), validated for the postoperative phase, can also be administered by parents to assess the pain of their children after hospital discharge, 20 which has meant that multiple informants (caregivers) can take part in assessing the perceived pain of children. Finally, the Brief Behavioral Distress Scale (BBDS), in contrast with the other scales, allows for child patients' symptoms of pain and stress to be assessed in combination. 21 Another feature that was observed is that a single instrument can be employed to assess pain in different contexts.
The FPS, for example, has been validated to be administered in the clinical hospital context of surgical procedures 11 and invasive blood collection procedure, 21 during immunization, 18 ear piercing 22 and for the assessment of remembered painful situations. 19 
Phases of pain assessment
The majority of studies related to psychometric properties used follow-up with repeated measures. However, six studies performed baseline assessments before a painful procedure, 8, 10, 16, 18, 21, 23 which indicates a more robust methodology than the others, particularly when using an ordinal measure. Knowledge of baseline pain allows for better pain assessment based on comparison with points in time after the painful procedure. Three of these six studies assessed pain in the context of a surgical procedure, 8, 10, 16 one in the context of an invasive blood collection procedure, 21 another during immunization 18 and one in the situation of remembered painful episodes. 19 Specifically with relation to the studies related to surgical procedures, eight defined their objectives as assessing pain during the postoperative period; not including a baseline pain assessment. 7, 9, 11, [13] [14] [15] 20, 21 These studies performed either two or three postoperative pain assessments, and there was a great deal of variation in terms of the time when assessments were carried out. The multiple-assessment approach is highly to be recommended in postoperative pain assessment, since it offers better monitoring of the clinical progress of the patient's pain during this period, in contrast with acute pain, which is focused.
Two studies investigated postoperative administration of analgesia, 7,21 using samples with randomized groups, in order to verify the sensitivity of the CAAS and PPPM instruments to the effects of the analgesia. In both studies the instruments proved sensitive enough to detect changes in the children's pain levels, as a result of the response to the analgesia used over time.
Assessment of pain indicators and dimensions
In the studies reviewed here, the pain dimensions assessed by the instruments were intensity and affective quality of pain. The intensity of pain was assessed using indicators of behavioral or physiological changes, or a combination of these. The CAAS, 7 Just one study combined assessment of the pain dimension intensity with the dimension affective quality, by using two different instruments, respectively the FPS and the FAS.
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The FAS only assessed the affective magnitude of pain using nine faces that range in expression from happiness to sadness. The authors state that the reason for using the FAS is to differentiate the affective dimension of pain from its sensory dimension. However, using that scale could confound the specific assessment of pain, since a happy face may not exactly correspond to an absence of pain. The child may not choose the initial face despite not feeling pain if they are also not happy. This scale inappropriately superimposes two different constructs, i.e., pain and happiness/sadness.
The psychometric properties assessed
Firstly, it should be emphasized that this is a review with As the studies were analyzed it became clear that, validity was the psychometric parameter most often evaluated.
Validity is of extreme importance, since instruments that have not undergone validity studies do not provide precise and reliable data and, therefore, should not be used to measure pain.
With relation to the psychometric properties investigated in the studies on pain scales, five scales are of note, namely:
the FLACC, the TPPPS, the CHEOPS, the OPS and the PPP.
These scales met all of the psychometric parameters of validity, reliability, sensitivity, specificity and clinical applicability.
Due to these characteristics, these scales offer great advantages in terms of measurement power in relation to the other scales for pain assessment of preschool children with typical development.
Furthermore, the FLACC is the only scale that, in addition to being widely used in studies with samples of typical populations, also had its psychometric properties investigated with samples of populations with atypical development 13, 14 and with preverbal children. 15 The psychometric properties of four of the scales (FLACC, CHEOPS, OPS and TPPPS) were investigated when administrated by trained examiners who assessed the pain of children aged 1 to 5 years at four distinct pain assessment times (before and after surgery, before analgesia and during admission to the ward). 8 In that study, the CHEOPS had better psychometric results when compared to the other scales for the pain assessment times described above. It should be pointed out that the CHEOPS is a postoperative pain assessment scale and that it can also be used to monitor the efficacy of interventions to relieve pain and discomfort.
The relevance of cultural factors
Studies that adapt scales for different cultures are important from a methodological point of view, since the response to pain may be affected by cultural differences. In this review, it was found that the Oucher Faces Scale was the only instrument which had three specific versions aimed at different populations, namely: Caucasians, African-Americans and Hispanics. These ethnically-differentiated versions were investigated in two studies, 10, 23 which found excellent levels of reliability (0.88 and 0.70, respectively) for the different ethnicities studied.
Developmental factors (typical development vs. atypical development) and appropriateness to the age group of the child
The appropriateness of the pain scale with relation to developmental factors and age group of the child is an important aspect to be taken into account when considering these measurement instruments. Studies were carried out into the psychometric properties of scales used with children with special needs. 16, 19, 24 Methodological precautions taken to ensure that specific scales used were appropriate to age group and developmental variations were an important criteria of some studies, specifically when the respondents were children themselves. The
Oucher Faces Scale, 10, 21, 23 the Colored Analogue Scale (CAS) 11, 21 and the FPS 18 are examples of simple scales, which were the most used and which can be administered by children to assess their own pain from the age of 3 years. 10, 21, 23 In order to attest to the compatibility between respondents' cognitive level and correct understanding of the scale, prior cognitive testing was an inclusion criterion of two studies in which children themselves were the respondents of pain self-assessment scales. 19, 24 In one study 19 the Jean Piaget tests were administered in order to assess the cognitive level of children as an inclusion criterion, before the pain scales were used. The "seriation of blocks" test was also applied, in order to test the cognitive capacity of children to use the scales and to minimize possible errors in applying them. The Columbia Mental Maturity Scale (CMMS) was used with special populations of children with cerebral palsy, 24 to test the mental level of children, as an inclusion criterion for study participants.
Multiple informants/respondents
Self-reporting consists of the ability of individuals to communicate their pain and, therefore, is the best indicator of the sensation of pain as a subjective experience. 3 Indeed, it was found that the children themselves were the only respondents in five of the pain assessment studies. The FPS was considered the most appropriate scale for self-assessment of pain intensity. 11, 12, 22 The Wong-Baker
Faces Scale 23 should be used with caution, since the literature contains serious criticism of this scale because it includes a "smiley face" which is not necessarily related to a total absence of pain. 3 Thus, an individual may not be in pain but may also not be happy, and therefore the "smiley face" would not correctly correspond to the "no pain" state.
In addition to self-reporting, when pain assessment is based on more than one informant it offers the advantage of promoting increased objectivity and minimizing the possible bias of a single assessment. Just one study combined children's self-reported assessments of pain with nurses' assessments. 9 In another three studies, although there was no pain self-assessment by the children, pain assessments were carried out by two types of informant, parents and health professionals (physicians, nurses and physiotherapists). 18, 19, 21 Due to the lack of verbal communication and/or difficulties in using self-reported pain assessments with special populations, pain assessment was carried out by other informants than the children themselves. In seven studies, pain assessment was carried out on the basis of a single informant: 19 Where pain assessments were carried out by more than one informant, these were carried out by parents and healthcare professionals 16 and by nurses and independent observers. 7 
Measures of pain and stress
Just one study used a combination of measures of self-reported pain, physiological measures, and measures of stress and discomfort in invasive procedures in situations of repeated blood collections. 21 The Oucher Faces Scale and the CAS were self-administered by children in pain and discomfort assessments; parents and nurses used the Visual Analogue Scale (VAS) to assess pain and fear and the degree of the children's cooperation during the invasive procedure. The BBDS was used by four independent observers who assessed the children's stress and discomfort during the procedure.
Heart rate was used as a physiological measure of pain. The diversity and quantity of respondents and pain indicators assessed in this study assured greater objectivity of assessment, and also made it possible to compare the different assessment indicators. It was found that the BBDS, which combines indicators of stress and discomfort, exhibited excellent psychometric properties; however, as a multidimensional scale it provided a nonspecific pain assessment, since this was also combined with indicators of stress and discomfort.
Studies of the application of pain measurement instruments

Considerations on the age group of the child
Age proved to be an important variable to be considered in studies of pain assessment in children with typical development in different contexts. [25] [26] [27] The FPS was used as a self-assessment pain scale with children from 3 to 7 years of age. 25, 26 It was found that the FPS was more accurate for pain self-assessment by children 6 and over than by children aged 3 to 5 years. 25 Furthermore, it was found that children aged 5 to 7 years of age exhibited greater control over their verbal reactions to the pain they felt than children from 3 to 4 years of age, in a study of immunization (intramuscular injections). 26 This is probably the result of the socialization process of children from 5 to 7, who acquire greater self-control of their behavior and control of impulsivity, thereby allowing them to inhibit manifestations about pain felt in the presence of other people.
Perception of the pain of others by children was also investigated with relation to age differences and it was found that the older the child the more sensitive they were to the intensity of another's pain. 27 These findings suggest there is a process of maturation of the ability to detect the pain of others, which, in turn, tends to vary according to age.
Parental pain assessments of children in the postoperative context
Parental assessment of children in the postoperative context and the administration/use of analgesia, using repeated measures, were the subject of three studies, [28] [29] [30] two of which used the PPPM as their main instrument. 28, 30 This scale is a valid instrument for parental assessment of postoperative pain in children with typical development.
In general, studies that used the PPPM found that the greater the intensity of pain and the number of pain behaviors, the greater analgesic administration became. 28, 30 In Parental assessment proved to be sensitive in a study that compared pain assessments carried out by children's parents and by medical students in a surgical context. 29 The study found a strong positive correlation between assessments by parents and students; furthermore, with relation to the parents' scores, these were sensitive to their children's pain symptoms since their scores were significantly higher before analgesia than afterwards.
Relationship between pain and temperament
One study investigated the relationship between temperament and pain, 30 using the Behavioral Style Questionnaire (BSQ), filled out by parents, to evaluate the children's temperament; the PPPM was used to detect behavioral changes related to the experience of pain; the Wong-Baker
Faces Scale was used as a self-assessment scale for the children. It was found that, with relation to the dimensions of temperament, children whose parents considered them to be more active and who had a more negative mood reported higher pain scores in hospital.
Pain assessment by parents and/or caregivers of children with special needs a) Facial expression as valid indicator of pain in special populations
With relation to pain assessment in samples of children with cognitive problems, 31 cerebral palsy 32 and autism, 33 the studies state that facial expression is a valid indicator which should be taken into consideration in pain assessment, not only for children with typical development, but also for children with special needs.
According to parents' perception of the pain behaviors of children with cerebral palsy, 32 crying, as a facial expression, was considered to be the behavior most frequently exhibited by these children when expressing pain. Furthermore, children with autism exhibited similar facial activity to children without autism, in pain assessments during invasive procedures; nevertheless, the group of children with autism exhibited significantly more facial activity than the group without autism, but only during insertion of the needle. One important finding is related to pain assessment in children with autism during blood collection procedures, using specific Scales for the assessment of pain and stress administered to the parents. 33 The CFCS and the Observational Scale of Behavioral Distress (OSBD) were used, respectively, to evaluate facial activity indicative of pain and stress behavior in children. It was found that the group of children with autism exhibited more responses to pain and stress during the post needle insertion and recovery phase when compared with the group without autism. e) Underestimated assessments of the pain of children from special populations
Considering that pain self-assessment is not always possible in special populations, pain assessment of these populations carried out by caregivers may occur bias, since pain may be under or over estimated by examiners. The caregivers of children with severe cognitive deficits associate these children's sensation of pain with the severity of their cognitive deficits. They tend to underestimate the pain felt by children with mild or moderate cognitive deficits, since they believe that such children feel less pain than do children with typical development. 34 In the study of children with autism, 33 parents' assessments of the children's sensitivity and reactivity to pain did 
Studies of evaluations of pain-relief intervention procedures
Assessments of pain management interventions were the subject of four studies, [36] [37] [38] [39] which focused on acute pain. Two of these were studies of non-pharmacological interventions evaluating, respectively, minor painful invasive procedures i.e., blood collection 36 and immunization 37 ; while another two studies investigated pharmacological interventions, assessing postoperative pain.
38,39
Non-pharmacological interventions
The non-pharmacological intervention studies investi- Using an experimental design comparing randomized groups, it was possible to test the efficacy of positioning and distraction strategies for dealing with pain, as assessed by the FPS; fear was assessed using the Glasses Fear Scale, and stress was assessed using the Procedure Behavioral Checklist (PBCL). 36 During a blood collection procedure, children who were positioned by their parents close to the chest or sitting next to them and were distracted with children's storybooks had lower pain and fear assessment scores than a control group.
Pharmacological intervention
Although the pharmacological intervention studies 38, 39 had different objectives, both were carried out with samples of children from birth until 3 years of age, stratified by age group. They used the following instruments to assess pain: the VAS and the COMFORT Scale Behavior, applied by the nursing team. Physiological indicators such as arterial blood pressure and heart rate were also assessed.
When investigating the association between physiological and behavioral measures of pain and identifying factors predictive of responses to pain, it was found that heart rate and arterial blood pressure correlated with the COMFORT scale scores. 38 It should be pointed out that there was a large degree of individual variability in the babies' responses. The neonates exhibited the lowest VAS scores, when compared with the other three age groups (1 to 6, 7 to 12 and 12 to 36 months). Furthermore, mean arterial blood pressure increased in line with the age of the children. On the other hand, the highest pain scores were observed among the youngest children. With relation to medication, the greater the pain the more morphine was given to the children, following a standard-protocol for dosages predefined for the study.
One study investigated the efficacy of two different standardized modes of administering morphine for postoperative analgesia (continuous vs. intermittent). 39 No significant differences were found between the two forms of morphine administration for analgesia for postoperative pain in all sample children aged zero to 3 years after cases of abdominal or thoracic surgery. However, specifically in the 12 to 36 months age subgroup, continuous administration was more effective than intermittent.
Pain assessment, fear and stress
Another study evaluated pain, fear and stress associated with the invasive procedure of blood collection using specific and appropriate instruments to measure each construct separately. 36 Pain was assessed using the FPS, fear using the Glasses Fear Scale and stress behaviors were assessed using the PBCL. A positive relationship was detected between the children's pain and fear assessments. Furthermore, the PBCL scores proved to be sensitive to the phases of pain assessment, such as: pre-procedure, during procedure and post-procedure.
Discussion
This review into assessment of the behavior of children in painful situations has shown that acute pain has been studied more than chronic pain, using measurement instruments the majority of which have ordinal scales. Acute pain has the marked characteristic of activating the organism, in order to bring it to a state of alert, which makes the expression of physiological and behavioral manifestations easier. Therefore it is more easily observed than chronic pain. In contrast, chronic pain tends to depress the organism's responses making observation of the manifestations of pain more difficult and making multiple resources necessary so that the progression of pain may be adequately assessed. The psychometric parameter validity was more often assessed than the other parameters. Validity is the essential criterion for an instrument to be adopted for the measurement of pain and in order to identify its adequacy to the assessment situation for which a scale is to be adopted. If a scale has been validated for acute procedural pain or postoperative pain this should be taken into account when making a decision on the best scale to be adopted. Furthermore, if a scale has, in addition to validity, other proven psychometric parameters, the greater that instrument's power of measurement will be. In this review, the FLACC, TPPPS, CHEOPS, OPS and PPP scales stand out for their high quality psychometrics.
With relation to the use of self-assessment pain scales for children with typical development, the FPS is of note as the scale most used in a variety of contexts. The Oucher Faces
Scale, which has also been used with this population, was identified by the review as the only scale offering specific versions for different ethnicities and, therefore, should be used in transcultural studies of pain assessment.
The FLACC scale was the most used for assessment of pain in children according to behavioral indicators observed by caregivers. The FLACC was developed to assess the acute pain of children with typical development during the postoperative period. 6 However, in the studies reviewed here, use of the FLACC was not restricted to the postoperative phase. 8 Furthermore, the FLACC was also used with preverbal children with typical development, 15 and with children with atypical development. 13, 14 One review study of behavioral measures of pain assessment submitted certain scales to a rigorous review procedure and found their levels of clinical evidence. 40 The FLACC was recommended for postoperative pain assessment, the CHEOPS for preoperative and postoperative pain assessment, and the PPPM for postoperative pain assessment on hospital discharge: three scales widely used for pain assessment, according to the levels of clinical evidence given. 40 In contrast, the AHTPS and the TPPPS were scales whose levels of evidence compromise their clinical use. One should therefore be cautious with relation to their clinical applicability.
Advances were observed with relation to pain assessment in children with atypical development, since self reporting of pain is difficult with such populations. This review found scales developed specially for pain assessment in special populations. The NCCPC-R, for example, assesses physiological and behavioral indicators in children with severe cognitive deficits; the PPP assesses pain in these same populations, although only using behavioral indicators; and the PAICP was specifically developed for pain assessment of children with cerebral palsy.
These studies show that, although these populations have similar facial activity to children with typical development, they are assessed by parents and caregivers with low sensitivity and reactivity to pain. One possible explanation is that parents and/or caregivers believe that children with special needs are less sensitive or feel less pain than children with typical development and, because of this, tends to underestimate the pain of children with special needs in their evaluations.
Facial expression was an important indicator, both in self-assessment pain scales in populations with typical or atypical development and in evaluations carried out by parents, caregivers or health professionals. Other studies have also indicated that facial expressions have an important function in pain assessment since they are one of the most reliable behavioral indicators of pain. In this review it was found that this scale meets the validity parameter, but this does not mean that, in prior studies, the scale has not met other psychometric parameters, such as reliability, sensitivity, specificity or applicability. This study has been used in studies of concurrent validity of new scales, which definitely suggests it has good psychometric qualities.
Considering the applicability of these scales in Brazil, it is opportune to emphasize the need for studies into the translation and adaptation of pain measurement instruments. As far as is known, few scales have been translated into Portuguese (Brazil), as have, for example, the FPS 41 and the Wong-Baker Faces Scale. 42 It is, therefore, recommended that future studies deal both with the issue of translation into
Portuguese and adaptation and with analysis of the clinical applicability of pain assessment instruments in clinical-hospital contexts.
